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Each node 1n the cluster without shared storage can be con-
figured to exclusively update 1ts repository. The method may
include recerving a lock request from a first slave node 1n the
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ciated with an update request recerved by the first slave node.
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first slave node. The method includes sending a response to
the first slave node granting the lock request based at least in
part on data in the repository of the master node. The response
may authorize the first slave node to append data to the data
item 1n the repository of the first slave node.
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CLUSTERING WITHOUT SHARED STORAGEL

FIELD OF THE INVENTION

This disclosure relates generally to clustering computers
and more particularly relates to clustering without shared
storage.

BACKGROUND

A computer, and 1n particular a server, may be used to make
various types of electronic content available to requesting
client devices. While using a single computer to send elec-
tronic content to client devices allows for a simple configu-
ration, 1t also results in disadvantages. For example, a single
computer may be limited in the number of client devices 1t can
communicate with at any given time. Furthermore, a hard-
ware or software failure in the computer may result 1n elec-
tronic content being unavailable to client devices. A failure
may also result in valuable data being lost or destroyed. Thus,
a single computer does not provide the scalability, perfor-
mance, high-availability, and failure recovery mechanisms
often required when providing electronic content to request-
ing client devices.

In an attempt to address some of these concerns, computers
can be linked together to form a cluster. In a cluster environ-
ment, the group of computers works closely together and 1n
many respects perform as a single computer but without many
of the limitations of a single computer. For example, a cluster
can communicate with a larger number of client devices at
any given time than a single computer. In addition, because of
redundancies between computers in the cluster, a hardware or
soltware failure 1n a single computer in the cluster may not
result 1n the loss or destruction of data. Even if data 1s lost or
destroyed 1n the cluster, often times the loss or destruction 1s
mimmized. Furthermore, if a single computer fails, other
computers in the cluster may be able to provide various types
of electronic content to requesting client devices. Thus, a
cluster environment may provide scalability, performance,
high-availability, and failure recovery mechanisms needed
when providing electronic content to requesting client
devices.

Clustering computers, however, adds numerous layers of
complexity as opposed to configuring a single computer to
make various types of electronic content available to request-
ing client devices. For example, 1n a cluster environment,
there needs to be a mechanism in place that determines which
of the computers in the cluster will respond to a particular
request from a client device. Furthermore, each of the com-
puters 1n the cluster needs to have access to up-to-date infor-
mation so that the correct response to a particular request 1s
provided to the client devices.

Generally, there are two predominate architectures used for
clustering computers: shared-disk and shared-nothing. In a
shared-disk cluster, an array of disks-usually a Storage Area
Network (SAN) or Network Attached Storage (NAS)-stores
all of the data associated with the cluster. Each computer, or
node, 1n the cluster has access to all of the data and can request
and store data in real-time to and from the SAN or NAS.
Because each node can update the database, a shared-disk
cluster has a master-master architecture. If one node 1n the
cluster fails, the other nodes can still handle requests from
client devices and can communicate with the SAN or NAS.
However, 1if the SAN or NAS fails or 1f communication
between the SAN or NAS and the nodes 1s severed, then none
of the nodes 1n the cluster may be able to access the data
associated with the cluster. Thus, while a shared-disk cluster
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provides scalability and load-balancing, a shared-disk cluster
may have a single point of failure in the SAN or NAS. Fur-

thermore, because each computer i1n the cluster communi-
cates with the same SAN or NAS, the scalability ofthe cluster
may be limited by the number of requests the SAN or NAS
can handle over a given period of time.

The other predominate cluster architecture 1s a shared-
nothing architecture. In a traditional shared-nothing cluster,
cach node has sole ownership of the data on that node and
does not share the data with any other node 1n the cluster. Data
1s typically divided across multiple nodes. For example, one
node may contain data regarding users, a second node may
contain data regarding orders, and a third node may contain
regarding products. Thus, data 1s partitioned across the nodes
in the shared-nothing cluster and each of these nodes 1s called
a master node. When a request from a client device 1s
received, a routing table determines which master node 1n the
cluster has the data needed for the request and routes the
request to that node. In order to provide scalability and higher
reliability, a mirrored copy of a master node 1s copied to one
or more slave nodes. Only the master node 1n the cluster can
update data associated with the master node, but any of the
slave nodes associated with the master node can read data.

Traditionally, installing a shared-nothing cluster required
manually configuring each of the nodes 1n the shared-nothing
cluster. For example, a node may need to be manually con-
figured 1n order for the node to recognize that 1t 1s a master
node. Other nodes associated with a particular master node
may need to be manually configured to be slave nodes so that

they can read data but cannot write data associated with the
master node. IT a particular master node fails, then one of the
slave nodes that used to be associated with the master node
may need to be manually reconfigured so that the node
becomes the master node. Until the manual reconfiguration
takes place, the ability to write data related to the master node
may not be possible.

Existing shared-disk and shared-nothing clusters address
some aspects of scalability, performance, high-availability,
and failure recovery mechanisms often required when pro-
viding electronic content to requesting client devices. How-
ever, each of the currently existing clusters has numerous
disadvantages and suffers from various deficiencies. Systems
and methods that address at least some of these disadvantages
and deficiencies are needed.

SUMMARY

One exemplary embodiment involves receving, by a pro-
cessor 1n communication with a master node, a lock request
from a first slave node 1n a cluster without shared storage. The
lock request may be associated with an update request
received by the first slave node. The lock request can indicate
that the first slave node requires exclusive write access to a
data item 1n the repository of the first slave node. The master
node may be communicatively connected with a plurality of
slave nodes. The plurality of slave nodes can include the first
slave node. The master node and the plurality of slave nodes
may comprise the cluster without shared storage. Each node
in the cluster without shared storage may be connected with a
separate repository. Each node 1n the cluster without shared
storage can be configured to exclusively update data in 1ts
repository. The method may comprise sending, by the pro-
cessor 1n communication with the master node, a response to
the first slave node granting the lock request based at least in
part on data in the repository of the master node. The response
may authorize the first slave node to append data to the data
item 1n the repository of the first slave node.
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These illustrative features are mentioned not to limit or
define the disclosure, but to provide examples to aid under-
standing thereof. Additional embodiments are discussed 1n
the Detailed Description, and further description 1s provided
there. Advantages offered by one or more of the embodiments
may be further understood by examining this specification or
by practicing one or more embodiments presented.

BRIEF DESCRIPTION OF THE FIGURES

These and other features, aspects, and advantages of the
present disclosure are better understood when the following,
Detailed Description 1s read with reference to the accompa-
nying drawings, where:

FI1G. 1 1s a system diagram depicting exemplary computing
devices 1n an exemplary computing environment according to
an embodiment;

FIG. 2 15 a block diagram depicting an exemplary cluster
node according to an embodiment;

FIG. 3 1s a flow chart illustrating a method of managing,
data 1n a cluster without shared storage that supports append-
only changes according to an embodiment;

FI1G. 4 1s a flow chart illustrating a method of determining,
a master node when a cluster node 1s started according to an
embodiment;

FI1G. 5 1s a flow chart 1llustrating a method of determining
a master node when the current master node stops according
to an embodiment:;

FI1G. 6 1s a tlow chart illustrating a method of adding a slave
node to a cluster without shared storage according to an
embodiment; and

FI1G. 7 1s a flow chart illustrating a method of adding a slave
node to a cluster without shared storage according to an
embodiment.

DETAILED DESCRIPTION

Systems and methods disclosed herein relate generally to
clustering computers and more particularly relate to cluster-
ing without shared storage. Embodiments described herein
facilitate the dynamic creation of a cluster without shared
storage. For example, a new node may automatically deter-
mine that i1t 1s a master node if the new node 1s unable to
communicate with another node. If the new node 1s able to
communicate with other nodes 1n the cluster without shared
storage, then the new node may determine that it 1s the pre-
terred master, thereby automatically setting 1tself as a master
node and setting the former master node as a slave node. If the
new node 1s not the preferred master, then the new node may
set 1tselt as a slave node and join the cluster without shared
storage.

When a new node 1s added to a cluster without shared
storage, the new node may automatically communicate with
a master node or slave node and receive data such as a reposi-
tory from at least one of the nodes in the cluster without
shared storage. For example, a new node may be added to a
cluster without shared storage by installing software that 1s
capable of communicating with other nodes and adding the
address of a node 1n the cluster without shared storage. The
new node may then automatically receive any additional set-
tings such as the IP addresses of other nodes 1n the cluster
without shared storage, data files, or other necessary or
optional instructions from one or more nodes 1n the cluster.
Thus, embodiments minimize the amount of manual configu-
ration required to add a new node to a cluster without shared
storage.
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Embodiments described herein also facilitate the mainte-
nance, reliability, and scalability of a cluster without shared

storage. For example, 11 a master node 1n the cluster without
shared storage becomes unavailable, then one of the slave
nodes may automatically become the master node. Further-
more, each of the slave nodes 1n the cluster without shared
storage may be able to perform write operations by requesting,
a lock from the master node.

These illustrative examples are given to introduce the
reader to the general subject matter discussed here and are not
intended to limit the scope of the disclosed concepts. The
following sections describe various additional embodiments
and examples with reference to the drawings in which like
numerals indicate like elements.

Cluster without Shared Storage

Referring now to the drawings, FI1G. 1 1s a system diagram
depicting exemplary computing devices 1n an exemplary
computing environment according to one embodiment. The
system 100 shown 1 FIG. 1 includes five cluster nodes,
105-125, and three client devices, 170-190. Each of the clus-
ter nodes, 105-125, and client devices, 170-190, 1s connected
to a network 160. Fach of the cluster nodes, 105-125, 1s
connected with a repository, 130-150, respectively. A cluster
node may comprise the repository such as cluster node 105
comprising the repository 130. A cluster node may be 1n
communication with a repository such as cluster node 110
being 1n communication with repository 135. The cluster
without shared storage 1s configured such that each cluster
node, 105-125, can only write data to 1ts repository. Thus,
cluster node 105 can only write to repository 130 and cluster
node 115 can only write to repository 140. Generally, the
repositories, 130-150, contain the same data, though at vari-
ous times one or more of the repositories may contain less
data than another repository until they are updated.

The ability of each cluster node, 105-125, 1n the cluster
without shared storage to write data to 1its own repository may
be beneficial for numerous reasons, especially where the
repositories contain the similar or identical data. Unlike a
shared-disk cluster where each node shares a single data
source such as SAN or NAS and, thus, 1s susceptible to a
single point of failure, the cluster without shared storage
according to embodiments disclosed herein provides addi-
tional redundancies. If a single node or a single repository
becomes unavailable, other nodes i1n the cluster without
shared storage can respond to requests from client devices
170-190. For example, if cluster nodes 105 and repository
135 become unavailable, the cluster without shared storage
may still be fully operational because cluster nodes 115-1235
can access data from repositories 140-1350, respectively, and
respond to requests from client devices 170-190. Thus, 1n one
embodiment, the cluster without shared storage provides
redundancies that eliminate a single point of failure. In addi-
tion, embodiments of the cluster without shared storage may
provide 1ncreased scalability over shared-disk clusters
because each node of the cluster without shared storage can
respond to request from client devices, 170-190, by accessing
its own repository rather than a shared SAN or NAS

Embodiments of a cluster without shared storage described
herein may provide benelits over shared-nothing clusters. For
example, rather than partitioming data across nodes 1n the
cluster, 1n one embodiment, each cluster node may store data
in 1ts own repository and each repository may contain the
same data. Thus, embodiments may eliminate the need of
partitioning data across nodes and, therefore, eliminate the
need for a routing table. Since any node, 105-1235, 1n the
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cluster without shared storage may have access to a separate
repository, 130-150 respectively, each containing i1dentical
data, any node can respond to requests from client devices
170-190. Rather than only the master node updating data and
the other nodes have a mirrored copy of the repository of the
master node, which may not be accessible to client devices

170-190, 1n one embodiment each node 105-125 can read and
update data associated with the cluster without shared storage
by reading or writing to or from its own repository, 130-1350
respectively. Thus, embodiments may provide additional
scalability, performance, high-availability, or failure recovery
mechanisms.

In embodiments, two or more clusters without shared stor-
age may be in communication with each other. For example,
a first cluster without shared storage may be 1n communica-
tion with a second cluster without shared storage and a third
cluster without shared storage. Each cluster may be respon-
sible for a particular type of data. For example, the first cluster
without shared storage may be responsible for and manage
images, the second cluster without shared storage may be
responsible for and manage client data, and the third cluster
without shared storage may be responsible for and manage
order data. The repository of each node 1n each cluster may
comprise data related to its cluster. Thus, the repository of
cach node 1n the first cluster may comprise images, the reposi-
tory of each node 1n the second cluster may comprise client
data, and the repository of each node 1n the third cluster may
comprise order data. In embodiments, a routing table can be
used to determine which cluster a request 1s routed to.

In the system 100 depicted in FIG. 1, data can be managed
using a master-slave mechanism. One of the cluster nodes,
105-125, can be selected to be the master node and the other
nodes are set to be slave nodes. For example, cluster node 105
may be set as the master node because 1t has more processing,
power than the other nodes 110-125. In other embodiments,
the master node may be selected 1n any number of ways. For
example, cluster node 105 may be selected as the master node
because a setting in a configuration file specifies that cluster
node 105 1s the preferred master node. Each node that1s not a
master node may be considered a slave node 1n the cluster
without shared storage. As disclosed herein, a slave node may
have to request and receive permission from a master node in
order for the slave node to update 1ts repository. For example,
if cluster node 125 1s a slave node and cluster node 120 1s a
master node, then slave node 125 may request permission
from master node 120 before the slave node 125 can update
data 1n 1ts repository 150.

The repositories 130-150 may comprise append-only stor-
age and content addressed storage that contains binary data.
The append-only storage may comprise tar files and may be
managed using Tar Persistence Manager (Tar PM). Tar PM
comprises a transactional storage engine that supports atoms-
icity, consistency, 1solation, and durability. When a change 1s
received, the Tar PM can append an entry to the newest file in
a list of tar files 1n the repository. For example, when deleting
content an empty entry may be added to the newest tar file.
Thus, a change results 1n only one write operation. A separate
optimize process may be used to remove old data and the
optimize process may run at off-peak times. Thus, an append-
only storage solution for the cluster without shared storage
100 may be beneficial because only one write operation may
be required to change data. In other embodiments, other
append-only data storage solutions may be used in a cluster
without shared storage. A repository may include a database
or other storage system that may or may not support append-
only storage.
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The network 160 facilities communications between the
cluster nodes, 105-125, and the client devices 170-190. The

network 160 may be any suitable number or type of networks
or links, including, but not limited to, a dial-in network, a
local area network (LAN), wide area network (WAN), public
switched telephone network (PSTN), the Internet, an intranet
or any combination of hard-wired and/or wireless communi-
cation links. In one embodiment, the network 160 may be a
single network. In other embodiments, the network 160 may
comprise two or more networks. For example, the client
devices 170-190 may be connected to a first network and the
cluster nodes 105-125 may be connected to a second network
and the first and the second network may be connected.
Numerous other network configurations would be obvious to
an ordinary person of skill 1n the art.

The client devices, 170-190, may be any device capable of
communicating with the network 160 and capable of request-
ing information from at least one of the cluster nodes 105-
125. For example, the client device 170 1s a tablet computer.
The tablet computer 170 may include a touch-sensitive dis-
play and be able to communicate with the network 160 by
using a wireless network interface card. The client device 180
may be a desktop computer. The desktop computer 180 may
be 1 communication with a display and be able to connect
with the network 160 through a wired network connection.
The desktop computer 180 may be 1n communication with
any number of user mput devices such as a keyboard or a
mouse. The client device 190 may be a mobile phone. The
mobile phone 190 may be able to communicate with the
network 160 over a wireless communications means such as
TDMA, CDMA, GSM, or WiF1.

The cluster nodes 105-125 may be any device capable of
communicating with the network 160 and capable of
responding to requests recerved from at least one of the client
devices 170-190. For example, a cluster node may be a gen-
eral purpose computer. A cluster node may also be a specifi-
cally configured server designed to meet specified pertor-
mance criteria. In an embodiment, a cluster node may be 1n
communication with one or more processors, memories, or
internal or external disk drives.

Each of the cluster nodes 105-125 may be capable of being
a master or a slave node 1n the cluster without shared storage
100. For example, the server 105 may be the master node 1n
the cluster without shared storage 100 because 1t has more
processing power and a larger memory than the other nodes
110-125 1n the cluster without shared storage 100. Thus, each
of the other nodes 110-123 may be slave nodes 1n the cluster
without shared storage 100.

Each of the cluster nodes 105-125 may be 1n the same
location or in different locations. For example, in one
embodiment, node 105 1s 1n location A and connected with a
first network and node 125 1s in location B and connected with
a second network. In this embodiment, the first network and
the second network may be connected with network 160 so
that node 105 can communicate with node 125.

Cluster Node

FIG. 2 1s a block diagram depicting an exemplary cluster
node 200 according to an embodiment. As shown in FIG. 2,
the cluster node 200 comprises a computer-readable medium
such as a random access memory (RAM) 210 coupled to a
processor 220 that executes computer-executable program
istructions and/or accesses mformation stored 1n memory
210. A computer-readable medium may comprise, but is not
limited to, an electronic, optical, magnetic, or other storage
device capable of providing a processor with computer-read-
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able mstructions. Other examples comprise, but are not lim-
ited to, a floppy disk, CD-ROM, DVD, magnetic disk,
memory chip, ROM, RAM, an ASIC, a configured processor,
optical storage, magnetic tape or other magnetic storage, or
any other medium from which a computer processor can read
instructions. In one embodiment, the cluster node 200 may
comprise a single type of computer-readable medium such as
random access memory (RAM). In other embodiments, the
cluster node 200 may comprise two or more types ol com-
puter-readable medium such as random access memory
(RAM) and a disk drive. The cluster node 200 may be 1n
communication with one or more external computer-readable
mediums such as an external hard disk drive or an external
DVD dnive.

The embodiment shown 1n FIG. 2, comprises a processor
220 which executes computer-executable program instruc-
tions and/or accesses information stored in memory 210. The
instructions may comprise processor-specific instructions
generated by a compiler and/or an interpreter from code writ-
ten 1n any suitable computer-programming language includ-
ing, for example, C, C++, C#, Visual Basic, Java, Python,
Perl, JavaScript, and ActionScript. In an embodiment, the
cluster node 200 comprises a single processor 220. In other
embodiments, the cluster node 200 comprises two or more
processors 220.

The cluster node 200 as shown in FIG. 2 comprises a
network interface 230 for communicating via wired or wire-
less communication. For example, the network interface 230
may allow for communication over networks via Ethernet,
IEEE 802.11 (Wi1-F1), 802.16 (W1-Max), Bluetooth, inirared,
etc. As another example, network interface 230 may allow for
communication over networks such as CDMA, GSM,
UMTS, or other cellular communication networks. The clus-
ter node 200 may comprise two or more network interfaces
230 for communication over one or more networks. In one
embodiment, the cluster node 200 designated as a slave clus-
ter node communicates with a master cluster node using two
TCP/IP connections.

The cluster node 200 may comprise or be 1n communica-
tion with a number of external or internal devices such as a
mouse, a CD-ROM, DVD, akeyboard, a display, audio speak-
ers, one or more microphones, or any other input or output
devices. For example, the cluster node 200 shown in FIG. 2 1s
in communication with various user imnterface devices 240 and
a display 250. Display 250 may use any suitable technology
including, but not limited to, LCD, LED, CRT, and the like.

Cluster node 200 may be a server, a desktop, a personal
computing device, a mobile device, or any other type of
clectronic devices appropriate for providing one or more of
the features described herein.

Updating Data 1n a Cluster Without Shared Storage

FIG. 3 1s a flow chart illustrating a method of managing,
data 1n a cluster without shared storage that supports append-
only changes. In FIG. 3, a master node recetves a lock request
from a slave node 310. The lock request may indicate that the
slave node has recerved an update request from a client device
or another node. For example, a client device may send a
request to the slave node requesting that data be changed.
Betfore making any changes to its repository, the slave node
may send a lock request to the master node seeking permis-
s1on to perform the update. The master node may then deter-
mine whether to grant the lock request recerved from the slave
node 320 and may respond to the request by either denying
the request 330 or granting the request 340. A lock request
received by a master node from a slave node may be denied
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330 for any number of reasons. For example, the lock request
may be denied because either the master node 1s currently
updating the same data item 1n its own repository. The lock
request may also be denied because another slave node has
already been granted permission to edit the same data item.
Thus, while a master node and each slave node can only
update 1ts own repository, the master node controls whether or
not updates may be made at any given time. In other words, a
slave node may have to seek permission from the master node
to update the slave node’s repository even though neither the
master node nor any of the other nodes in the cluster without
shared storage may be able to update the repository of the
slave node. In this way, the master node acts as a gatekeeper
to ensure that each node in the cluster maintains an accurate

repository.

I1 the lock request 1s denied 330, then a slave node can send
the master another lock request at a later time. If the master
node determines that the lock request should be granted, then
the master node may immediately send the slave node a
response granting the lock request 360. In one embodiment,
betore the master node grants the lock request 360, the master
node determines whether the repository of the master node
contains data that has not been sent to the slave node 340. For
example, 1n one embodiment the master node may determine
whether the repository includes any append-only data that has
not been sent to the slave node that sent the lock request. One
advantage of using an append-only update system 1s that the
master node only needs to review the newest files to deter-
mine whether there 1s any data that needs to be sent to the
slave node.

If the master node determines that the repository contains
data that needs to be sent to the slave node 340, then the
master node will send the append data to the slave node 350
betore sending the slave node a response granting the lock
request 360. Otherwise, the master node will simply send the
slave node a response granting the lock request 360. After the
slave node recetves a response from the master node granting,
the lock request 360, the slave node can append data to a data
item 1n 1ts repository 365. When the slave node has finished
updating the data item 365, the slave node may send a
response to the master node indicating that the slave node has
fimshed updating the data item 370. During the time that the
master node sends the response to the slave node granting the
request 360 until the master node recerves a response from the
slave node 370 that a lock 1s no longer needed for a data 1tem,
the master node may deny any request received from anode in
the cluster without shared storage requesting to modify the
same or a related data item.

Once the master node receives a response from the slave
node 370, the master node may append data to a data item 1n
its own repository 375. In an embodiment, the master node
may append data to a data item 1n 1ts own repository 375 upon
receiving a lock request from a slave node 310 or aiter deter-
mining to grant a lock request 320. The master node may also
send an update command to one or more slave nodes 1n the
cluster without shared storage 380. In response to the update
command, one or more slave nodes in the cluster without
shared storage may update a data 1tem 1n its repository 385.
Thus, 1n one embodiment, the repository of the master node
and the repositories of each ofthe slave nodes may contain the
same data even though the master node can only write to 1ts
repository and each of the slave nodes can only write to its
respective repository.

Determining a Master Cluster Node

FIG. 4 1s a flow chart 1llustrating a method of determining,
a master node when a cluster node 1s started. In the embodi-
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ment shown 1in FIG. 4, first the cluster node 1s started 410. The
cluster node then attempts to connect to other cluster nodes
420. For example, 1n one embodiment, the cluster node con-
tains a properties file that contains a list of IP addresses of
other potential cluster nodes. In this embodiment, the cluster
node traverses the list of IP addresses and attempts to connect
with each of the IP addresses. If the cluster node 1s not able to
connect with another cluster node, then the cluster node 1s set
as the master cluster node 430. For example, 1n one embodi-
ment, 1f the cluster node 1s not able to connect with any of the
IP addresses 1n the properties file, then the cluster node 1s set
as the master. If the cluster node 1s able to connect with one or
more cluster nodes, then the cluster node may be set as a slave
node 470.

In an embodiment, 1f the cluster node 1s able to connect
with one or more cluster nodes, then a determination 1s made
as to whether the cluster nodes has a higher priority than the
other cluster nodes that 1t 1s able to connect with 440. For
example, 11 the cluster node 1s able to connect with three other
cluster nodes, then the cluster node may compare its priority
level with the prionty level of each of the three other cluster
nodes. The priority level for a particular cluster node may be
determined 1n any number of ways. In one embodiment, the
priority level for a cluster node 1s automatically determined
by software executed on the processor of the cluster node
based upon one or more factors such as, for example, the
speed of the processor(s), the number of processors(s), the
amount of memory, the amount of {ree memory, or the load of
the processor(s). In other embodiments, the priority level may
be set manually.

Inthe embodiment shown in FIG. 4, 1f the cluster node does
not have a higher priornity level than each of the other cluster
nodes 1t 1s able to connect with, then the cluster node 1s set as
a slave node 470. If, however, the cluster node has a higher
priority level than any of the other cluster nodes it 1s able to
connect with, then the cluster node 1s set as the master node
450 and each of the other cluster nodes 1s set as a slave node
460.

FIG. § 1s a flow chart illustrating a method of determining,
a master node when the current master node stops. In one
embodiment, the cluster without shared storage contains a
single master node and a plurality of slave nodes. For various
reasons, the master node may stop functioning 510. For
example, a master node may stop functioning in the cluster
because of a hardware failure, a software exception, a power
outage, or loss of connectivity with a communications net-
work. When the current master node stops functioning 510,
other nodes (currently slave nodes) 1n the cluster compete to
determine which node should become the new master node
520. For example, 1n one embodiment, each of the other nodes
in the cluster communicates with each other 1n order to deter-
mine which node has the highest priority setting. In this
embodiment, once the highest priority node 1s determined,
that node 1n the cluster 1s set as the master node 530 and the
other nodes remain slave nodes. In one embodiment, there
may be two or more nodes that have the same prionty setting
that 1s higher than the other nodes. In this circumstance,
soltware executed on one or more of the nodes may determine
which of the nodes should be set as the master node. For

example, the new master node may be determined based upon
one or more factors such as the speed of the processor(s), the
number of processors(s), the amount ol memory, the amount
of free memory, or the load of the processor(s) between the
nodes that have the same highest priority setting.

Adding a New Node to a Cluster Without Shared
Storage

FI1G. 6 1s a tlow chart illustrating a method of adding a slave
node to a cluster without shared storage according to an
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embodiment. In the embodiment shown 1in FIG. 6, the new
slave node 1s communicatively connected with the master
node 1n the cluster without shared storage 610. For example,
the new slave node may be connected with the master through
a wired or wireless network, directly connected via a USB or
other cable, or any other suitable technology which enables
the new slave node and the master to communicate with each
other. The new slave node may be communicatively con-
nected with the master through two or more network connec-
tions.

According to the embodiment shown 1n FIG. 6, a content
management platform file 1s copied to the new slave node
620. The content management platform file may include any
file or files that at least partially enable the new slave node to
jo1n the cluster without shared storage. For example, 1n one
embodiment, the content management platform file may
include an 1nstallation file for a content management platform
application. Additional file(s) may be needed 1n order for the
new slave node to be able to join the cluster without shared
storage. For example, an application and a license may be
included 1n the content management platform file according
to one embodiment. In one embodiment, the content manage-
ment platform 1s an application such as a version of Adobe©
CRX®© that 1s capable of joimning a cluster without shared
storage. The content management platform file may be 1n an
archive or compressed format, or both, such as JAR, ZIP,
RAR, ISO, or TAR. In an embodiment, the content manage-
ment platform file may need to be unpacked on the new slave
node. The content management platform file may be copied to
the new slave node from any number of sources. For example,
the new slave node may receive the content management
platform file from a node 1n the cluster without shared stor-
age, a USB drive, an optical disk, a network, or an Internet file
location. The content management file may be copied from
two or more sources.

In the embodiment shown i1n FIG. 6, after the content
management platform 1s copied to the new slave node 620, a
repository file 1s copied from the master node to the new slave
node 630. The repository file may include any file or files that
that 1s related to the data stored 1n the cluster without shared
storage. For example, 1n one embodiment, the repository file
may include the append-only data associated with the master
node 1n the cluster without shared storage. In another embodi-
ment, the repository file may include append-only storage as
well as binary storage. For example, a complete copy of the
append-only storage and the content address storage where
binaries as stored may be copied from the master node to the
new slave node. The repository file may include data related
to a persistence manager such as Tar PM. The repository file
may include data from a transactional storage engine or a
database that supports append-only storage. The repository
file may be 1n an archive or compressed format, or both, such
as JAR, ZIP, RAR, ISO, or TAR. In one embodiment, the
repository file may need to be unpacked on the new slave
node. The repository file may be copied to the new slave node
from any number of sources. For example, the new slave node
may receive the repository file from a node in the cluster
without shared storage, a USB drnive, an optical disk, a net-
work, or an Internet file location. The repository file may be
copied from two or more sources.

In the embodiment shown 1n FIG. 6, after the repository file
1s copied to the new slave node 620, a cluster configuration
file 1s copied from the master node to the new slave node 630.
The cluster configuration file may include any file or files
related to the settings or properties of the cluster without
shared storage. For example, the cluster configuration file
may include a list of internet protocol (IP) addresses of the
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other slave nodes 1n the cluster without shared storage. The
configuration file may include other information such as, for
example, a list of ports used by other cluster nodes, a unique
cluster node 1d for one or more of the cluster nodes, or a
unique cluster 1d. In one embodiment, the cluster configura-
tion {ile copied to the new slave node also includes one or
more internet protocol (IP) addresses for the master node in
the cluster without shared storage, thereby eliminating the
need for the new slave node to add a communication address
of the master node to the cluster configuration file as
described 1in 650. Alternatively, the cluster configuration file
received by the new slave node need not include a communi-
cation address of the master node and the new slave node may
add the communication address of the master node to the
cluster configuration file 650. The cluster configuration file
may be 1n an archive or compressed format, or both, such as
JAR, ZIP, RAR, ISO, or TAR. In an embodiment, the cluster
configuration file may need to be unpacked on the new slave
node. The cluster configuration file may be copied to the new
slave node from any number of sources. For example, the new
slave node may receive the cluster configuration file from a
node 1n the cluster without shared storage, a USB drive, an
optical disk, a network, or an Internet file location. The cluster
configuration file may be copied from two or more sources.

After recerving the cluster configuration file, according to
the embodiment shown 1n FIG. 6, an instance of the content
management platform 1s executed on the new slave node 660.
After executing the content management platform, the new
slave node may automatically join the cluster without shared
storage. During the process of joining the cluster without
shared storage, the new slave node may receive additional
settings from one or more nodes 1n the cluster. For example,
the new slave node may recerve any new append data in the
repository ol the master node or another node 1n the cluster
without shared storage. The new slave node may save the new
append data 1nto 1ts own repository. The new slave node may
also recerve additional settings from one or more nodes in the
cluster without shared storage. When the new slave node joins
the cluster without shared storage, other nodes 1n the cluster
may be updated. For example, the cluster configuration file on
the master node or each of the slave nodes, or both, may be
updated to include a communications address-such as an
internet protocol (IP) address-of the new slave node.

The new node may be set as the master node and the former
master node may be set as a slave node. For example, 11 the
new node that 1s added to the cluster without shared storage
has a higher priority setting than any of the other nodes 1n the
cluster without shared storage, then the new node may be set
as the master node.

Additional and/or alternative steps may be required for the
new node to join the cluster without shared storage. Certain
exemplary steps to join a cluster without shared storage may
be combined or eliminated. For example, in FIG. 6, the steps
of copying the content management platiorm to the node 620,
copying the repository file 630, and copying the cluster con-
figuration file 640 may be combined so that the new node
receives a single file containing all of the data necessary for
the new node to join the cluster without shared storage. Like-
wise, adding a communication address to the cluster commu-
nication file 650, may not be required 1f the new node receives
a configuration that already includes any communication
address needed to join the cluster without shared storage.

In one embodiment, a new node may be able to join a
cluster without shared storage with minimal user 1mvolve-
ment. For example, an application comprising a graphical
user interface may be 1nstalled on a disk drive associated with
the new node. In one embodiment, a user may input a com-
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munication address of a node 1n the cluster without shared
storage and submit a request that the new node join the cluster

without shared storage. The new node may then communicate
with the node 1n the cluster without shared storage to receive
a copy ol the repository file from the master node 630, a
cluster configuration file 640, and any additional files or set-
tings for the new node to join the cluster without shared
storage.

The various exemplary steps described herein to join a new
node to a cluster without shared storage may be performed in
any order as long as the new node 1s able to join the cluster
without shared storage. For example, the new node may com-
municatively connect with another node in the cluster 610
alter recerving a copy of the content management platform
620. In another embodiment, an instance of the content man-
agement platform 1s executed on the slave node 660 before a
copy of the repository file form the master node 630 is
received by the new node.

FI1G. 7 1s a flow chart illustrating a method of adding a node
to a cluster without shared storage. The new node 1s commu-
nicatively connected with another node 1n a cluster without
shared storage 710. In the embodiment described 1n FIG. 7,
the new node recerves a backup file of the node 720. The
backup file may include an installation file, an application for
joming the cluster without shared storage, a repository file, a
cluster configuration file, or other files or settings for joining
the cluster without shared storage. The backup file may be in
an archive or compressed format, or both, such as JAR, ZIP,
RAR, ISO, or TAR. In one embodiment, the backup file may
need to be unpacked on the new node. The backup file may be
copied to the new node from any number of sources. For
example, the new node may recerve the backup file from a
node 1n the cluster without shared storage, a USB drive, an
optical disk, a network, or an Internet file location. The
backup file may be copied from two or more sources. Thus,
according to one embodiment, the new node does not need to
be communicatively connected with another node 1n the clus-
ter without shared storage until the new node attempts to join
the cluster without shared storage. Once the backup file 1s
received by the new node, either the backup file or a file
contained 1n the backup file may be executed and the new
slave node may automatically join the cluster without shared
storage 730.

(seneral

Numerous specific details are set forth herein to provide a
thorough understanding of the claimed subject matter. How-
ever, those skilled 1n the art will understand that the claimed
subject matter may be practiced without these specific details.
In other instances, methods, apparatuses or systems that
would be known by one of ordinary skill have not been
described 1in detail so as not to obscure claimed subject matter.

Some portions are presented 1n terms of algorithms or
symbolic representations of operations on data bits or binary
digital signals stored within a computing system memory,
such as a computer memory. These algorithmic descriptions
or representations are examples of techniques used by those
of ordinary skill 1n the data processing arts to convey the
substance of their work to others skilled in the art. An algo-
rithm 1s a seli-consistent sequence of operations or similar
processing leading to a desired result. In this context, opera-
tions or processing involves physical mampulation of physi-
cal quantities. Typically, although not necessarily, such quan-
tities may take the form of electrical or magnetic signals
capable of being stored, transferred, combined, compared or
otherwise manipulated. It has proven convenient at times,
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principally for reasons of common usage, to refer to such
signals as bits, data, values, elements, symbols, characters,
terms, numbers, numerals or the like. It should be understood,
however, that all of these and similar terms are to be associ-
ated with appropnate physical quantities and are merely con-
venient labels. Unless specifically stated otherwise, 1t 1s
appreciated that throughout this specification discussions uti-
lizing terms such as “processing,” “computing,” “calculat-
ing,” “determining,” and “identifying” or the like refer to
actions or processes ol a computing device, such as one or
more computers or a similar electronic computing device or
devices, that manipulate or transform data represented as
physical electronic or magnetic quantities within memories,
registers, or other information storage devices, transmission
devices, or display devices of the computing platform.

The system or systems discussed herein are not limited to
any particular hardware architecture or configuration. A com-
puting device can include any suitable arrangement of com-
ponents that provide a result conditioned on one or more
inputs. Suitable computing devices include multipurpose
microprocessor-based computer systems accessing stored
soltware that programs or configures the computing system
from a general purpose computing apparatus to a specialized
computing apparatus implementing one or more embodi-
ments of the present subject matter. Any suitable program-
ming, scripting, or other type of language or combinations of
languages may be used to implement the teachings contained
herein 1n software to be used 1n programming or configuring,
a computing device.

Embodiments of the methods disclosed herein may be
performed 1n the operation of such computing devices. The
order of the blocks presented 1n the examples above can be
varied—iIor example, blocks can be re-ordered, combined,
and/or broken 1nto sub-blocks. Certain blocks or processes
can be performed 1n parallel.

The use of “adapted to™ or “configured to” herein 1s meant
as open and inclusive language that does not foreclose devices
adapted to or configured to perform additional tasks or steps.
Additionally, the use of “based on” 1s meant to be open and
inclusive, 1n that a process, step, calculation, or other action
“based on” one or more recited conditions or values may, 1n
practice, be based on additional conditions or values beyond
those recited. Headings, lists, and numbering included herein
are for ease of explanation only and are not meant to be
limiting.

While the present subject matter has been described in
detail with respect to specific embodiments thereot, 1t will be
appreciated that those skilled 1n the art, upon attaining an
understanding of the foregoing may readily produce alter-
ations to, variations of, and equivalents to such embodiments.
Accordingly, it should be understood that the present disclo-
sure has been presented for purposes of example rather than
limitation, and does not preclude inclusion of such modifica-
tions, variations and/or additions to the present subject matter
as would be readily apparent to one of ordinary skill 1in the art.

Y

What 1s claimed 1s:
1. A method, comprising;:
receiving, by a processor in communication with a master
node, a lock request from a first slave node 1n a cluster
without shared storage, the lock request associated with
an update request sent from a computing device different
than the master node and received by the first slave node,
the update request comprising a datum,
wherein the lock request indicates that the first slave
node requires exclusive write access to a data 1item 1n
a repository of the first slave node,
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wherein prior to recerving the lock request a repository
of the master node comprises at least all data stored 1n
the repository of the first slave node,

wherein the master node 1s communicatively connected
with a plurality of slave nodes, the plurality of slave
nodes including the first slave node, and

wherein the cluster without shared storage comprises the
master node and the plurality of slave nodes, each
node 1n the cluster without shared storage being con-
nected with a separate repository, each node in the
cluster without shared storage configured to exclu-
stvely update 1ts repository, each slave node config-
ured to update 1ts repository only after recerving per-
mission from the master node; and

sending, by the processor in communication with the mas-

ter node, a response to the first slave node granting the
lock request based at least 1n part on data 1n the reposi-
tory ol the master node, the response authorizing the first
slave node to append the datum to the data item 1in the
repository of the first slave node.

2. The method of claim 1, further comprising:

receving, by the processor i communication with the

master node, a second lock request from a second slave
node 1n the cluster without shared storage, the second
lock request indicating that the second slave node
requires exclusive write access to a second data item 1n
the repository of the second slave node; and

sending, by the processor in communication with the mas-

ter node, a second response to the second slave node
denying the second lock request based at least 1n part on
a relationship between the lock request from the first
slave node and the second lock request from the second
slave node.

3. The method of claim 1, further comprising:

receving, by the processor in communication with the

master node, a release request from the first slave node,
the release request indicating that the first slave node no
longer requires exclusive write access to the data item 1n
the repository of the first slave node.

4. The method of claim 3, further comprising;

receving, by the processor 1n communication with the

master node, a second lock request from a second slave
node 1n the cluster without shared storage, the second
lock request indicating that the second slave node
requires exclusive write access to a second data 1tem 1n
the repository of the second slave node, the data item and
the second data 1tem having a common characteristic;
and

sending, by the processor 1n communication with the mas-

ter node, a second response to the second slave node
granting the lock request based at least 1n part on the
release request from the first slave node.

5. The method of claim 3, wherein after receiving the
release request from the first slave node, the repository of the
first slave node comprises the same data as the repository of
the master node.

6. The method of claim 1, wherein the data item 1s the
newest file 1 a plurality of append-only storage files in the
repository of the first slave node.

7. The method of claim 1, wherein the update request
comprises a request to add, delete, or modity data in the
repository of the first slave node.

8. The method of claim 1, further comprising:

alter recerving the lock request from the first slave node and

betore sending the response to the first slave node grant-
ing the lock request:

-
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sending, by the processor in communication with the mas-
ter node, an update command to the first slave node, the
update command comprising data previously appended
to a second data i1tem 1n the repository of the master
node, the first slave node configured to append the data
previously appended to the second data item in the
repository of the master node to the data item in the
repository of the first slave node in response to the
update command.
9. The method of claim 1, further comprising;
appending, by the processor 1n communication with the
master node, data received from the first slave node to a
second data item 1n the repository of the master node.
10. The method of claim 1, further comprising:
sending, by the processor in communication with the mas-
ter node, an update command to at least one node 1n the
cluster without shared storage, the update command
comprising data received from the first slave node, the at
least one node configured to append data to a second data
item 1n the repository of the node 1n response to the
update command.
11. A system for an append-only, cluster without shared
storage, comprising;
a network:
a computing device, the computing device connected with
the network;
a master node comprising a processor, the master node
connected with the network; and
a plurality of slave nodes, each slave node connected with
the master node through the network, the append-only,
cluster without shared storage comprising the master
node and the plurality of slave nodes, each node 1n the
cluster without shared storage being connected with a
separate repository, each node 1n the cluster without
shared storage configured to exclusively update its
repository, each slave node configured to update its
repository only after recerving permission from the mas-
ter node; and
wherein a first slave node 1n the plurality of slave nodes 1s
configured to:
receive an update request from the computing device;
send a lock request to the master node, the lock request
indicating that the first slave node requires exclusive
write access to a data 1tem 1n a repository of the first
slave node;
receive a response from the master node authorizing the
first slave node to append data to the data 1item in the
repository of the first slave node; and
append data to the data 1tem 1n the repository of the first
slave node:
wherein master node comprising the processor 1s config-
ured to:
receive the lock request from the first slave node,
wherein prior to recerving the lock request a reposi-
tory of the master node comprises at least all data
stored 1n the repository of the first slave node; and
send the response to the first slave node granting the lock
request based at least 1n part on data in the repository
of the master node.
12. A non-transitory computer-readable medium compris-
ing program code for:
receiving, by a master node comprising a master reposi-
tory, a lock request from a first slave node comprising a
slave repository 1n a cluster without shared storage, the
slave node configured to update the slave repository only
alter recerving permission from the master node, the
lock request associated with an update request sent from
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a computing device different than the master node and
received by the first slave node, the update request com-
prising a datum, the lock request indicating that the first
slave node requires exclusive write access to a data 1tem
in the slave repository of the first slave node, wherein
prior to recerving the lock request the master repository
comprises at least all data stored in the slave repository;
and

sending a response to the first slave node granting the lock
request based at least in part on data 1n the master reposi-
tory ol the master node, the response authorizing the first
slave node to append the datum to the data item 1n the
slave repository of the first slave node.

13. A method, comprising:

receving, by a slave node 1n a cluster without shared stor-
age, an update request from a computing device other
than a master node 1n the cluster without shared storage;

sending, by the slave node 1n the cluster without shared
storage, a lock request to the master node 1n the cluster
without shared storage, the lock request indicating that
the slave node requires exclusive write access to a data
item 1n a first repository of the slave node;

receving, by the master node in the cluster without shared
storage, the lock request from the slave node;

sending, by the master node in the cluster without shared
storage, a first response to the slave node, the first
response granting the slave node exclusive write access
to the data 1tem 1n the first repository of the slave node;

recewving, by the slave node 1n the cluster without shared
storage, the first response from the master node; and

updating, by the slave node 1n the cluster without shared
storage, the data item 1n the first repository of the slave
node based at least 1n part on information 1n the update
request.

14. The method of claim 13, further comprising:

determining, by the master node in the cluster without
shared storage, whether a second repository of the mas-
ter node comprises data that has not been sent to the slave
node; and

in response to determining that the second repository of the
master node comprises data that has not been sent to the
slave node, sending, by the master node, the data to the
slave node prior to or concurrently with sending the
response granting the slave node exclusive write access
to the data item 1n the first repository of the slave node.

15. The method of claim 13, further comprising:

sending, by the slave node 1n the cluster without shared
storage, a second response to the master node, the sec-
ond response indicating that the slave node has updated
the data 1tem 1n the first repository of the slave node;

recerving, by the master node in the cluster without shared
storage, the second response from the slave node; and

updating, by the master node in the cluster without shared
storage, a second repository of the master node based at
least in part on information recerved from the slave node.

16. The method of claim 15, further comprising;:

sending, by the master node in the cluster without shared
storage, an update command to a second slave node 1n
the cluster without shared storage, the update command
istructing the second slave node to update a third
repository of the second slave node.

17. The method of claim 13, further comprising:

receving, by a first node, an installation file for an appli-
cation, the application configured to assist the first node
in joining the cluster without shared storage;

receving, by the firstnode, a copy of a second repository of
the second node; and
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storing, by the first node, the copy of the second repository
to a third repository of the first node.
18. The method of claim 17, wherein the second node 1s the
slave node.

19. The method of claim 17, turther comprising;:
receiving, by the first node, a cluster configuration file
corresponding to the cluster without shared storage.

20. The method of claim 17, further comprising;:

receiving, by the first node, a communication address for
joining the cluster without shared storage; and

updating, by the first node, a cluster configuration file with
the communication address for joining the cluster with-

out shared storage.

21. The method of claim 20, wherein the application com-
prises a content management platform and wherein the
method further comprises:

executing the content management platform on the first

node, wherein the content management platform, when
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executed, 1s configured to automatically connect the first
node with the cluster without shared storage based at
least 1n part on the cluster configuration file.

22. The method of claim 17, wherein at least one of the
installation file or the copy of the second repository 1is
recetved from at least one of the second node, a USB drive, an
optical disk, a network file source, or an Internet file source.

23. The method of claim 17, wherein the copy of the second
repository comprises append-only data, binary data, or an
index.

24. The method of claim 17, further comprising:
constructing an index of at least a portion of the third
repository.
25. The method of claim 17, wherein the first node 1s the
slave node and the second node 1s the master node.
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